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of %!»• r«qulrod to op«r«t« th« 8«rlt«£i«
T^ tim§ r«quirttd b^r flft««a sKale op«rttora to
rotat4i a ^at of four mi%Qh»9 to fo^r 41ff«ir«t}t (iasl#«
using five »hap4i8 of mitch h^ndlofli im« m«a«ur»d«
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Handle 1 189,6 ;^S.9 S09*0 300.3
Hiuadle a 174,3 £££,6 S40«» £@1.9
Hmdle 3 199,£ £JSS,3 £70,0 ;ai7,l
Eeadlii 4 X67«4 SSl.O BdX*f £«4«S
H«i41« 6 108*6 ]S34«» E79«9 313.0
M •xAfiiaatieB of ttie data »hmi» %)Mt tbe round
•hafea of lui&dle« provided for the hiflMUF «|^erati»ff tliaee
Willie the generally reotaxigttlar elbuipee provided for thm
lower operating tiiiee*

UPOM tBli TIME .lr:^!:i.Ji;^ F-- .'H
A VMrimut of the Ilt»i^«ratur« aliiyt»8 ilMtt soM eon*
•ld«ration kAm toe«ii giT«n to d«slgaing «vlUi^«!umdl«
Bimp^m tor app#araiie« aiid Ifidioatloc of funotlon^. Xxi-
quijfl«« »id« at aom« of th« Xoadlne •l«otrio«X t^ppas^tua
iHUmfaetui^ray suot mm Ckinoral iSlMtrle Company ^ «>aatii^«>
h&nmm i^laotrlo Oorporatlea aad iif8» Oorporatloa» ra^aai
tliat industry haa lavaatlsatad tha daaigi); of switoUnhandla
ittiapaa for appaaraaoe, faal to tha Imad a&d« in «o«a aaaasi
to provlda ^ttar XaTora^^ for oparatioa*
Appara&tly llttXe ocmaldaratlfK) has baaa given to
daslgni&i tlia ahapa with tha thou^t In alad of providing;
for alniaum oparatlng tljaa^* as my ^ daslrad in tha oaaa
of aontrol paiaala for oois^u&loatlon or radar aqulpaaat,
sanyiiting Bashloas ai^ tha Xika. Tkus, tnla InvestIgatIon
«a« ttad«ptalEa& to datarmlna wisatliar aoiaa oaa of aavaraX
•osBon sbapaa of haadXa for a gaaaralX^'-uasd typa of awltsh
VOttXd profIda for a minimum of tli:^a raqisirad to operata
tha awitoh.
ifoaliii foat» April 19 » XM?/ p» 18*
!• Baiass^ Arnold^ and aoaanbXoo^, /* ii«| **Xdaai Torqtxos




hf the tt^v^TAl i>p«r«tdr« eoxuiistiid of %'m t^ll&mii^i n
pI^foc»<S ptfiii«l on mhi^h ii«ar« liO^Littttd four t@n'»po)sitioii
•:ia«k aad p9W«r supply ra»t«d; m atiair f^ th« opftrntor;
flsifl m& ttX«9trio eXook wlii«h 99uX^ b« r««4 to 1/lOOtli of
ft Mooad; «Eid th« raquiifMd wiring*
l^0yi«a WltU % Xil^ mliilMlf ^iWMB %h9 four 8Wit«lJ^« 9Mi
«t « aittta.)a«# from thn panel d«p«^«iit ii^a %hm fcumiorm
iM«9^r«sMKit of t^« op»rfttc»r. ?E« pttuftl wa« ftdljuftt«4
Tr«rtl9ftXl|r m %h9i% %tm •ll»i» ^ %h» opttraior, wlitii s«at«d
Mi wl^n tb« upp«r arm nas vartlaal land li«14 agftii^t tlia
•Ida vlth %li«i foraar» at ri^ht aaglaa to it» waa taa i»ali«a
^alQfw tua aaatar lisia of tba awitohaa* thm iljs4»%aloii« mM
lajromt of t^a aqulpssaat mra giirai& i& fi^raa l^ & aa4 3«
flia avlta^aa uaad mora oosisiaroiall^-olitaliiad^
t«n'<»posltioo wafar switohaa with &ptin^ &all datants* fha
avarat^a aasdnrtiift tor^ua ratulrad te rotate tlia awito&aa frcn
mm datamt to tha aaaet liaa tib^raa iiiO^**potmda« %a awitah
lum&laa ^»mr^ alao aojsKiaraiallar^o^taiaiad* for ttia almpaa
and d&i6a2yil.oii« of th€»aa tiandla^ aaa fij^uroa 4 aad 5»














Fig» 2 View of equipment in operation
Fig. 3 Rear view of equipment
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• 39lDnr-d aoct.bra lo sj^oiensnij.j
TJM pCUa« or jpot«ticm of %im «»i«<m«8 was ver^lo«X
tmk %hm •wiW^M ww x«t«t«4 in %Im «Io«k»l«« dlMttioa
9nXf* thm %m% Wkm XiMi%^ to olo«lcwi8« rotation In ordor
%• •llaiaa^e tua •fToot of oppoalt* dir^etlo^s of rotatloi^*
pmml by qttart«ap*liioh wido oolorod strlpoat liXeiotc for tJbio
dteroot or Tertioal position; light bluo for the 30 dogroo
peaitioa; briitt^t rod for tJxo dO dogroo posl^ios^; yollow for
thm 90 dogroo position; li^lit grooa for tho l£0 dogroo
position; gold for tlio 150 dogxno position; sad bXaok for
ths IdO dsigrss position* Ssoh switoh hsadls wss asrksd
with s ons«sixt««&tii Inoh wids ishits stripo (Figs* 4 sad 9)
vhioh sorYsd fts an iodox* Tits )isoirgroimd srotiad tlis «vito)^
lisadlss saA strlpss was aliju&inuia*
Th9 siioroswito]! was so positioaad to a ean o& tJ^a
atiaft of ths laft^haod avitoh that, as soon as tha awitali
atartdd to mova» t^e oirouit to tlui tittiag oloaJK was aXosad
and tl&a olook hegi^n to run* Iha rigiit'-liaad awitoh was
wlrad to a ralay so tbat %hm airaait to %i\m eXoak was
tarokaa whaa tha switah raaaliad ita daaignatad poaitiofi*
this 00211100 tion was ahangad for aaah raquirsd sat-up ao
tMt tha oXook wouXd sto|^ wlioa tlio raq*ji.rad i^oaltioa was
raaahad* tim wiring diagraie is iXXuatratad in Figura d«
Tlia aXoek uaad was of tha typs la w!ilah tha sK>tor
mnM aoatifitiottaXy whiXo tha mo¥aasnt of tha haada ia oon«-
troXXad by a aolaooid-oparatod braka on a friatioa driva«
tkitSy t^a offoot of Inartia In tii« drVfism loaoliaciaii of tha

























]r#qtulr«4 an lEpu^ of 1X5 volt« &•«• aM whleli had afi output
QdT 6*3 Tolta d«d» Xhn olook motor raquirad 115 Yolta a«a*




In ordor to ffteiXitate th# appXl^ttlom of th«
•zpiarlffi«fitj&X i>«a^ilt3 to motuttiX •quipmmtt an attampt was
maA% to |ir«d»nt th« taet |>robl«st In a maxmw wliidh woulA
fVMK^e mn appIleaUon In aotuaX ua«, jln«« a graat
aasgr «>rit«^l)oa9A and aontroX aqulpBAiit eiMratora ar«
aaatad at thair Joba» md alaoa it «aa daairad that tha
itffacta of pli/alaaX diffardi^Qa& ba mlnlj&lzad^^ the taat
aparatora wara aaatad*
3afora baclnaing tha test, aaah oiMiurator was
aakad to nxx out aa oparator data a^aat* thla data
iliaatt 9hmin in AppaMix C» Figura 0« waa uaad to iaatira
tbat aXX opaMtora wava fraa of abnormaXltiaa wiiiah mi^ht
affaet tlia raauXta and to aid la traaliis daim aaf in^aa^
aXataAOiaa in op^tor parfonaanaa wblab jmIs^I davalop*
Whac tiia ahaat liad ^—a flXlad out^ tfea oparator
«aa aalcad to oa aaatad la tha taat ohalr* Ha waa %h9n
askad to hold his uppar am vartiaal and agalsat hia al<to
vlth hla foa^aam axtandad at right aaglaa to It* 'Sh% ahair
«aa KOTad ao thait tha tlpa of tha oparator* a fij^gara juat
touohad tha adlga of tha taiiio. tha halght of tha paaal waa
adjaatad hjr naana of bXoalts ao that tha aXho« of tha opara**
tor, with hla arm la tha poaltioc Juat daaorlbad, «aa tan
Inahaa haXow tha aaatarXlm of tha awitohaa*
3« For a dlaattaslon of physloaX >!lffaranoaa» B9«i tufta
OoXXaga Xoatittlta for AppXlad iay^Qholo^, B^ndhook of




uthm ope]*ator wtm tli«tt aaanKI to idtt&tlfy tiui «alor«4
mtrip%9 «• ths ooXors w«r« aiuM^t la ord«r to •liftiiuit« any
ep«r«tor« wlio sU^ht b« eolor bXl&d* Aft«r tula oli««k| th«
ejperator «*• tsksd to position oa^ii awit«l:i in tho rod (60
dogjroo) ^o«itioa» otartiJis "^th tbm Xolt^lMM ««it«h aad
198 Ina oiU.y ^Is rlg^t luKiid* th« lett t^ftud imo not tisod so
t^t all oporator* wimid ^vo t^ oiuBt aotioB patt«2i% and to
ollfiiaata tlao offaota of two^^^aodod oporatlon* I& c»rdar to
•liainata tha poaoibiXlty of baeoaios familiar with oaa
aMpa of ha£idla» aaoh swital:^ waa providad with a diffara&tXy
•tiapad bandXa for tha taat nm«^
Tha raguXar ru&a isara tban aoisganaad aBd ikmt^ prm'^
•antad in a praviouaXjr*daaiiiiad random ordar aa »htm& in
Appaadiz G| Figura 9* Tha poaition of tha oparator at tlia
Itaginniag of aaah rua naa mr^^t in ttm almir with hia laada
Ia hia Xap* Tba foXXewlne aat of inatruatioaa waa raad to
tba oparator I **Tha poaition to wMoh tha awitohaa ara to ba
yotatad ariXX ba daaisnatad by ooXer« Tou wiXX uaa oaXy your
rigbt ha&d and rotata tha awitahae oaXy in tha aXookwiaa
Airaation* Tou wiXX atart with tha Xaft^^hand awitah and
aparata tha awitahaa from Xaft to right* You iir% to poaition
aaah awitah aaaurataXy ia tha daai^natad poaitioa aa rapidXy
aa poaaibXa* Aaauraay la of prisa impartaaaai but you ahouXd
woric aa rapidXy aa you think you aan without aaklag arrora**"
4* ?or a diisouaaion of tha payahoXogieaX aapaata of this
proaadurai aaa Chapaniat A*a«y (HvumTf W»i1*| and i^iorgasi,
0«?«, Appiiad KxparissamtaX layohoXogy* Kaw Yoik, <7oha





Tb« d«alr«<l poeltion of %h% vmitahMm was d««is&«t«A
hy oolor and tim opNtr«tor ««ui glv«rt tfe« or«a eaNl«r» "Btt^in***
hA th^n r«lMi<& his rlitltt liand from Ma lap and adiraMad It to
ttia Xaft*haad awitah* ttm awitabaa mro oi^arated tro& Xaft
%« rieht and ia « aXoalnrlaa dlr^otloK of rotstion* ht %hm
•os^Xatlon of %im run mi aaeh lia&dXat ttia o^yator irfta aakad
to imlaz la tlia ohalr nthUm %'sim naact HaodXa to ^ papaiMJitad
waa i&ataXXad «» tha p«BtaI»
laalt dpcrator «aa raquirad to tmm ti:araa eQ£&pj.e&«
yujia aad tha aTarmga of tha tiaaa ivaa ao^utad to )>a ua«d tmt
anoXyala purpoaoa* l^aoli of the tnraa runa was IdaatloaX*
Tbat la 9 tua oparator was praaautad frith tha aoapXata
aaqi»aaa of fIva handXaa aad four aiigXae (aa t^mm on th%





Th0 ovsrall aT«nig« tia»s obtnia^d from this
lavostigatlon ara a'miKn hi Ta^lfi 1 b«Xoi»« fh» iBdlYldual
op«^ator'9 aT«ra8« tlfiMi* aro shown In 7abl« £. 7h« adtoal
tls^ iralues ob%«ia«d for all opsTators for all haadlas avs
glTaa lii Appendix A» Tables 3, 4 and 3«
30** 60® 90® 1£0**
Handle 1 189*6 e£9,9 ^9.0 300«3
Handle £ 174*8 BZ&.a £40.3 2/j1*3
Eaadls 9 199«£ 333*3 876*0 317*1
Ssadls 4 137,4 S21«0 £91,7 E95«a
HsBdls 9 106*6 £36*3 £75*3 315.0
tabl6 1*
Overall average tlaes*
(In hundredths of a ssoond*)
kn sxsaination of table 1 shows that handle #S
vequired the least tioe for all angles of rotation exeept
60^* Handle H required the least ti»B for 60^ and ths
seeond lowest tiEne for 90^ and 1B0^« liaztdle #3 retiulred the
•est ti^e for all angles exeept 60^ where it required n@xt
to the highest tinse*
Ourres based upon the data eontained in Taiole 1
are shows in Figure 7, The mrt^B were fitted by the asthod
ef least squares and the equations are given in Appendis: B*
Issaination of the eurves shows that, for all angles of

ur- 3Sl ep^ 90^ IJ^O^ 110*
1 £33 ^40 £•1 3£6 1
£ 2» t83 £34 £39 £
3 IW &13 £36 3U 3
807 E33 ^49 31£ 4
laa 800 £90 309 8
ITS 233 £4£ sm 6
£03 ^£ zm 33a 7
164 E09 £47 £47 8
t09 £34 £95 363 9
iO u& 1@9 £03 £34 10
u £15 E67 £99 34£ 11
12 17B E05 £3G £79 It
13 131 197 ££Q £17 13
14 la^i esd £39 £70 14
IS Eoe 217 S££ 33£ 15
30° do° 90*^ lao^
194 £33 £3£ £64
164 £46 £63 £93
16a X99 ££1 m
1^ ££6 £73 mX
176 £74 £61 £91
13E 197 £0£ ££3
£03 a61 £d£ £91
167 £13 ££7 317
10? £31 ££9 366
135 193 196 £30
£04 mo i£79 316
137 178 £06 £71
14? 17£ 191 £09
17£ £££ £07 £6£
191 £30 £70 £66
TaU« £•
Airtra^* tliMi valuna tar nlX runs*





I £«£ 301 347 370
6 EX$ ZQ2 305 306
3 It« aX5 &3X 306
4 «S4 tS« 33a 373
5 £94 33S 9S@ 1509
e 19£ 207 S6d 3U
7 B03 S5a £S4 326
3 153 287 876 374
9 174 B&S 289 336
10 153 190 ElO £83
11 Ua 315 £97 351
U 167 197 £94 £90
13 lai 17£ £09 ££3
U £0£ £££ £49 £9£
19 197 £33 £71 304
op«r.
UQ0 ^° 49° f9^ 1^0^
1 £1£ £41 £99 387
z £39 E19 £6£ £90
3 164 £01 £11 £67
4 180 £16 £40 991
5 171 £34 £47 307
3 174 £90 £3£ £67
7 £00 £47 £91 396
6 161 197 £3£ £99
9 ££1 £90 £61 319
10 199 ISO ££6 W^
u £££ £££ 3£9 3£9
1£ 171 194 E39 £74
13 149 160 £10 £19
14 177 £18 £4£ £79







ao« 6^^ 90^ i^^""
£fiO SOS ses S9S
eia S4S sas SSO
in SIS aes £74
ElO 1^1 S44 SSS
£09 sss s@d SSS
X9f sss sss ass
BXt sss Wl S«f
US S04 ftSS su
ITS set SS4 SOS
10 151 179 sso iTS
u SOS ssa 3S4 S49
l» XU S14 £67 SOS
IZ 147 171 £36 SOS
14 149 S16 &4S SOS






































































39lbrrsr{ flo^xwe -lol nox^Jfid-oi lo GsIgnB .sv eamxd- snxct-BieqO
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notation, haadi* Jk, re^^iuirsQ %,aM i.emi% ?i.i-..Q and liandlo |-4
A atatistiiMU. m%Xr9iB (3^ th9 data (••• Ap)p4M^ix
Bt ?abl« XO) dl»taifi«t tor nmei^ cf Vr&e iadlvld^ia. ftiksi«» of
t&%iii%i€tn auowsd aignifidaat varlanofta aeioag 0p«r#tor» and
wmaa^ tiMidl««« Thm ynue%mm% afl»>Qg OHflrmtwrs m* •oaoiatantXi'
imtlii MtflMf tbMA thjtkt ft«u»ae tMttdXM* whiali ««• to b« axpadtad
Ana to ladlTldttaX dlftaraaaaa la paapla*
for tha eor.pXata data {9%^ Appandix B, TabXa XX},
tba Yarlaaaaa amcntg iMindXaa aiid tba Yarlanaaa aaunn opai«tora,
for aXX augXaa of rotatiaiit wara liigttXy algnlflaaat* tim
fffaraXX Tarlajaaa aao&g asgXaa of rotation traa liighXy slgnif*
leant aXtliots^^ tHa intaraatloa aooaf liaadXaiE and aagXea of
rotation waa al^ifiaaot ooXy abota tha 9^ XavaX* Tha
iataraation «noiig oparatora and handXaa ajtd t^a i]9taraatio&
aaeog aparatow aad aogXas <3£ rotation war* hoth al^nifleant.
tbm algaifleanoaa laantlonad ahova are aXX at tha X;^ XairaX
iK&Xaaa athamlaa at atad•
U^am0$$i
X9
Tbm wmkfmin of tht 4a%« iiiAitta^tt tliat tlmro 1a
«fi optiMia s^AjHi ot HfeftiiCta for minimusi ot«v«iia4| %!»• for
mitiih9m under th» eoiiditlo&« j^riifaXwit In t!ii0 ii&T«fttlf»tlo£i<>
Aa «xftiaiiiiition of th« ^o^iod data X««A« to ij;^ l»ali«f tlaat*
la ^»mm aituatlona rvqulrliis taming a flrarltali Isnnila to a
•paoifio point 9 tiia rouM abapa4 haadiia proYitaa for tiia
liilSiMiat oparati&i %%tm» n^iXa tha ganarmlXy raota&^mXar
•iMpa provldaa for tha ioiraat tiaiaa* It ia prolialiaja tliat
^Hoaa aMp9B i&ora naarly raa^abXiag a pointar provlda a




»»• ^ ^Q ^ ^0
1 270 £03 307 4^1
M 174 fi£0 £11 878
9 17a SOd 230 184
4 £04 Ifc44 a89 947
5 xm £5£ £74 zn
3 X&O £41 300 90e
7 £0t( 230 309 3£3
a 169 £04 £90 £££
9 £ai 300 3B9 443
10 144 £11 £37 £79
IX £14 £94 31£ 3£3
1£ £14 195 £31 £99
13 19E £0a £U ^9
14 191 £34 tm 3a£
Id fill UM4 37£ 334
^" ^° 90^ jy^^
££9 £70 311 319
£09 £43 341 313
144 £0£ £38 £41
104 £91 993 940
178 £34 £93 948
149 £09 £09 £41
£09 £39 £94 £99
140 £39 £49 9£9
174 £39 £19 940
10 199 139 190 194
u £££ £03 907 347
1£ 143 197 9X9 £74
13 140 14£ £09 £09
14 lao £39 £11 909
19 193 £30 £&3 334
f4l^X4 9*
TiJM Yalu4a for tim% run,




.J21 ?o" .M^ «1jtsLJSlja£.
X £80 94a 839 419 £40 £09 909 988
& ld4 £9i 899 £84 £04 8X1 £43 £97
3 m& £89 £88 £71 177 IW ££0 £@X
4 £94 »47 441 437 184 £91 £99 89X
5 198 £X£ 900 399 X89 £99 £90 99£
3 188 £7« 997 £&0 £08 98X £97 9I8
7 £03 £70 £93 944 £04 £93 £69 979
8 X52 £46 £38 997 ISO 179 £9£ £81
9 19S £££ £47 3£7 £99 £78 £8^ 998
10 i»9 £X4 zm 9X4 XO 199 178 £98 £79
U £09 31£ 909 993 n £99 £99 948 990
u X5d £X& £90 £89 X£ X9@ X98 £)SX 889
u £34 X90 £99 £78 29 X94 X99 ££8 ££9
X4 S4S £X4 £X9 £99 14 X9£ £19 £90 £78






«1 W^ 99** xaa^
mx SOS 3eX 43«
U4 BB7 a0t iid
eod Mm 8«tt »i9
X93 Uf «74 m$
mo S83 900 m$
XS9 £63 9X£ 9m
ma 203 Mf 4S9
XG9 X94 278 E?»
xn SftS ftfti 819
xo X59 iosi ftUt IM
XI 1^X9 mi «•» iH
X£ X7X sxx M4 S$9
IS X4X X70 sxx 8X0
u xm sa? S9e 2W8




:^o«, ^9" ^^ J^ ,«^ #f .JSljia£
I £3d £d« 849 804 108 tia 833 840
u. X93 UB $m 849 xm 874 884 381
3 1?£ £14 841 844 144 199 881 343
4 iHf ftas 848 310 ^Q um 840 303
3 xe4 3U 843 368 191 898 384 843
6 178 813 830 300 147 194 &m 803
? 190 nu £90 317 8C^ Ul mo 301
e 147 19S £19 £13 & 173 888 880 303
9 17S 197 830 884 9 198 88B 848 898
10 143 171 818 mo 10 134 819 881 834
.1 S16 «7ft 869 374 11 808 844 878 839
;£ 149 sia 849 893 18 184 174 880 873
L3 1S7 177 831 887 13 143 187 197 813
L4 Iff 689 841 878 U 170 884 804 890
M BIS :^13 384 497 13 lao 838 874 871
f«^l4 4t
ti^m t4l»4« for 444cmA ftiia«





#fp^ ASk i^ia s^U «
61^ mA fti vjaa ^




xv 30° 90^ ?o^JiBo"
Qpmt
X S79 £99 999 899
E 309 »S7 919 899
3 104 904 941 941
4 IBS £91 M9 899
3 989 994 999 899
S £14 199 909 888
7 £17 890 980 807
Ci 131 99? 989 899 8
9 1S7 999 979 999 9
XO Idl 169 919 999 10
11 199 £79 984 941 u
l& 199 199 £49 9ai 19
13 197 199 904 £00 19
14 176 999 990 381 14
19 l«l 947 999 948 19
p- 99- fq- ^0-
904 801 999 990
907 999 991 990
191 199 909 997
U9 £09 B14 991
198 999 894 919
149 999 994 948
908 919 984 989
191 198 98i 979
195 990 994 988
147 198 9«8 948
903 949 999 918
119 £99 994 194
147 149 180 910
179 907 999 9U




1 £11 m^ ^n zm
i Its ftiS t09 90f
3 X?£ aoO 307 £74
4 SdS SIO £n 3£9
§ 191 £35 3X0 401
4 173 149 SSS Sd9
7 £13 S94 904 3»
8 149 £14 £40 ft§4
9 U4 «41 IS9 391
10 id4 104 esi its
U 1^04 304 Wt ttt
It 174 t40 147 tit
13 190 174 tas ltd
14 ld4 £14 ££« £79





lifn^ #1 Biif^ Iff
Tl' 22l ftO** •P'' ^l^^*" as^ w" fo" a^o«^
I 190 197 g27 874 14a %m 211 Ii74
£ 303 S31 844 841 148 884 878 8m
3 IdS £19 837 865 175 197 800 500
4 13S 817 838 87t 149 818 wm 050
ft 177 S71 918 838 159 84ft 884 001
• 107 Stft im 854 140 191 1^ 830
f £13 SSI 875 371 194 838 879 m$
• I7fl %m 871 308 6 147 159 819 584
9 170 EC© 271 359 194 888 889 aof
10 130 Idft 170 834 10 155 174 144 810
XI £10 B71 £9ft 330 U 108 853 858 319
IS ifte 1»£ 813 844 18 184 178 104 849
13 143 176 836 815 13 137 145 178 804
14 17ft %U 84ft 887 14 147 808 885 804
13 l^e £13 847 858 IS 801 807 8S0 tm
ti^o U
tSiHi faltws for XhXxt xim*
(In huii4r^tlu» cdt a tooonO)

sd
^uxUrn 161 iiiltt fi
r- ^o 50** ^9" 1£0*^ 10*
_ial w- P9*
1 2£7 £91 37£ 339 1 19£ £3£ £37 ^4£
a lao E35 £5a 309 & £05 £18 £45 5££
3 ^£ £0d ft73 585 3 153 £09 £1£ £8£
4 194 £39 307 5£9 4 135 £15 £45 370
l> 160 sai 390 £59 5 158 £14 ££a £57
e 179 175 ££7 374 5 155 £00 £04 ££1
7 190 £44 £65 358 f 191 £55 301 337
a 154 196 300 371 8 151 £15 £15 3£9
9 173 Mt 845 £81 9 £8£ £ft£ £51 5U
10 140 im 185 £4£ 10 140 173 ££5 £45
U E40 351 305 349 11 £31 £59 305 £95
IE ISO 239 ££5 301 IZ 197 151 £^ £53
13 153 157 189 198 13 145 159 157 £18
U ISl S30 £51 £90 14 153 £33 £15 £83
16 £00 5£7 £3S 315 15 m9 E37 zm 31£
"'oe
mi^ m& iQS, ^siix I






^* ?0^ ^0° »o^ po^
X SI9 313 :S6d 33f
« m 240 £4£ £7S
3 157 S17 £55 £04
4 109 nS ^& 400
3 ^45 878 8»$ 910
4 14« 803 £18 887
7 814 80t 884 484
8 184 804 840 394
9 148 890 844 899
10 189 1^ £03 864
11 800 873 £97 304
1£ 146 190 E71 383
13 181 170 818 197
14 179 £13 817 848
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For the purpose of analysis, the data in Table Z
were separated for each acigle of rotation* The data in
eaoh group were simplified for computation by subtracting
the sajse amount from eaoh value in the group and arranged
as shown in tables 6, 7, 8 and 9*
Eaoh coliimn was then totaled and the individual
eoluiBii totals labeled X-|^, J^, X., X., and X-« llie grand
total of all data in the table was labeled Z* Saoh value in
the table was squared and the sum of the squares labeled T •
Saoh row was totaled and the individual rcw? totals labeled
^1* ^2» ^3» ^'^^ 30 on up to T,-.
The total variation » ^, was computed by means of
o o
the formula ^ • T - Z , where k is the number of columns
emd m is the number of rows*
The variation among column laeans, ;^ , was computed
by means of the formula Q<j = 1 (^ "/ xf •/ x| ^ x| -/ x|) - Z^ .
ffi im
The variation among row means, Qj,, was computed by
The residual variation, a , was coHq)uted by means
means of the formula Q^* = 1 (if -/ Yg -/ if . . . .-/ if5) - Z
of the formula Q^ - ^i - Qg - Qy •
The column to column variance, a^, was computed
by means of the formula <^ s i^ v { k-1 ) • The row 1 row
2
Variance, Oj., was computed by means of the formula
2 2
(Ty r (^ 4 {m-D* The residual variance, (T^, was computed
by means of the formula c^ « ^ ^ (k-1) {mrl)*
jifii: xllX<i«l8 new qjtw'SS rc^©
Itojlbtrlb -tw smnlo9 dosu
A#X© 1. iiB/iiiTlfer:
J^SriQiaoo csvr
, y ^ediB&iL amuLoe ^ojbb floi^siiisv ©ri^i
^<
I?
A«^«^8B»« unr tpH tMoalSAT ucxfloe o& amloo oxfT
«w« o^ usQi eitT .(X-3J) » ^ a fr " mfmm x^
thm r r&l\i»i$ for tHe T^rlaao^s lMit«r««n r^ws ttiiA
m8p«otiv«l7, bar tiktt TMiMuftX Tariftiwo* 13i<MNi 7 valuta w«x«
ttwn ftompAJPAd with th« f^05 ^ad 7^^^ raXu«tt fir«ai a tabl« of
F distribution far the proper d«@roo8 of fr««do»^»
In 11jIs» lastiiner the vari&ticm^ Tiirifii»0«i ftM 7
values for total Ysrlatloii mnmg J:iandXtta« toteX T<irlatlo&
au«»iig operators, total Tarlatioa smum^ eaiiXea of rotatloii^
intomotion botwiMzi MMlos ai&d aniXts of rottttion» later*
ftotlon between operators sad hsodXes^ sad lotersetlofi itetiit^^
operators end sugXes of rotation were eo«s>uted sad eonjMUfed
witti the F«dlstrlbutlo& table* All oo^p^ed irsXmes are
^Ten in Tsbleii 10 and XX*
The nveroge ti»es required hj sXl operators for
eaeh lis&dXe and for eeeli lUigle of rotatios were eoa^uted*
{^^Ittatioas for liaes of best fit to tjie dsts vers eoaap^eted
by the nethod of lei^st s«iiisrea ei»d were plotted as ehcnm
in figure 7« The eo£a^vit<»d ef^mstioas are-.
Bsndls #1 y • Xa*9^ -^ X«SXa x
MeadXe #ft 7 s 9«»09 -^ X.X30 x
HendXe #3 73 Sd,3B0 / i«2i'i3 X
UttudXe #4 7 • X9«4X?'f l«19e X
ttsadXe JMI 7 » X9«093 y> 1.4M x
5, anedesoTt 6«w«^ JtatietiesX Methods 4p'pXied to j^xpsrlttsiits







3 4 6 If •f»
«• 67 165 7S 85 434 40404
m 47 79 10£ ax 396 96aii
95 6X 59 67 41 193 6097
fO 43 87 49 73 361 61961
4A 69 U7 34 m 304 63106
U 16 66 67 40 183 9616
U 46 64 43 76 394 66666
a? 30 14 £4 m Ikb 9646
fS 80 67 64 36 879 17406
10 • IB 14 16 14 79 1341
u ^ 47 78 86 71 379 66969
u 31^ 60 34 £7 164 4010
u U 10 44 12 10 90 6476
u u m 66 40 36 663 10476
u •9 64 40 74 49 966 60998
M TtO 949 •64 764 744 3791
wfi 51366 £7g7« 7E41E 43316 46704 646779
Tabl« 6«
0ott|»«6«tlo£r d«ta for 30® rotsiUoa^

I £ 3 4 i» «r i»
00 73 141 ai 14i; S17 88888
i9 as 94 39 83 888 8Cm47
» 99 U 41 33 441 11848
f8 40 74 34 71 844 83908
X^O 114 9£ 74 98 493 49988
1^ 37 47 90 78 vm 88091
n 101 94 87 149 487 49199
49 53 47 37 44 »»4 13S80
74 71 99 90 149 447 6U47
xo £9 35 30 40 19 2m 8787
u 107 100 33 im 148 4m 81848
IS 4S la 37 34 84 %m 7790
%M 17 u 14 78 184 4448
U •4 44 44 88 88 804 18778
U •7 70 73 87 78 848 84474
SL 9818 949 1000 914 1271 5118
a* 73944 7S1S7 40494 4©346 131049 436140
tabl« 7,







Ul r> \ ,
«^a)oi;rcj^
x:- X 2 3 4 5 IT Il»
fO 94 196 &4 113 499 55999
49 99 114 7i M 417 37747
49 90 60 eo 93 ^50 15990
IS 04 147 49 75 413 40089
t9 90 197 96 97 479 49^19
81 U 77 41 65 949 14997
99 91 99 100 161 546 ftsom
se 94 99 41 6& mo 171^
104 99 64 70 63 999 99999
10 1£ 4 19 33 i&9 99 9997
u loa 69 106 134 143 579 69049
u 47 17 69 46 76 mx 14547
l» ift 16 19 44 116 9946
u 64 1ft 94 31 54 B39 IB785
li 131 79 90 11£ 95 497 61371
nc loat 773 1£79 911 1^66 5949
K* 6479fi 99505 139791 703£7 1S5099 479597





To!- 1 2 3 4 5 m ^
1 117 75 161 118 189 660 94880
2 60 86 97 81 71 395 32007
3 102 102 97 58 67 426 38070
4 103 92 164 142 146 647 37449
5 100 82 100 98 147 527 57937
6 79 16 105 5a 76 334 26662
7 129 82 117 149 188 665 94599
8 38 108 165 86 102 499 50133
9 154 97 127 109 94 581 69971
10 55 21 74 46 64 260 15154
11 133 109 142 116 140 640 82790
12 70 62 81 65 93 371 28179
13 8 14 10 32 360
14 69 73 83 70 97 392 31288
IS 153 79 95 111 117 555 64685
M 1370 1084 1622 1317 1591 6984
^ 160192 94402 198014 135577 203979 782164
Table 9,















































































lihmi^UB) Bfn$.m0 < 6a04.97B
im»^lm) mtm^^u < J:aa7^«a04
:(op«3i^ator8) «0?3«B.Jj©7 < uau.5^iS
:{IMUS4X«« VS» ft&elM) Bt^m^Bm
-4 7I£1,E74
UhftB4X«Hi vs« «ip«r«tox*a) 3a£95»sxai <. 59.ii.48e











ua& VF, : >Z
£•30
l,.F.2 - /V
%o i*®^*^ '.OS 1«4£ O./-', . ^(i-
'^01 X*^
D F-z
fo i^^it y.os 1.7ft ?.Fr- /y
^01 £.ao
J).F.2 = / 2
^a^ ^-^^^ |2^.06 1.47 j).f:, - V2
'^.01 1.7a
P-Fz r y















mm mmh «xp«rloiMNi m% opttr«ttlag Utit tjrpv of awltoht^














Bow did irou «p«ikA th« l«at Uoux^























M«t«ja©« of eisAir f»«3B» t«bl«
,,
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cpsr. 11 op«r. li^
II«bA« A&gX« liSkiid* AbsU
30^ XBO^ 30^ 90** »0* UO*
BmA. ASftXtl ^mA* Al^lUbt
30« 90*^ lao® dO** 1«0^ 40** 30^ 90*
Op#r» ^5 Op«r# #i
Hand. A&gl« ilaiKl* -4£ME|^I«






































«0^ IfiO^ 90^ 30*^
03?«r. #15
to® aMf eo® iBo*^
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